Slow binding inhibition of S-adenosylmethionine synthetase by imidophosphate analogues of an intermediate and product.
S-Adenosylmethionine (AdoMet) synthetase catalyzes the only known route of biosynthesis of the primary in vivo alkylating agent. Inhibitors of this enzyme could provide useful modifiers of biological methylation and polyamine biosynthetic processes. The AdoMet synthetase catalyzed reaction converts ATP and L-methionine to AdoMet, PP(i), and P(i), with formation of tripolyphosphate as a tightly bound intermediate. This work describes a nonhydrolyzable analogue of the tripolyphosphate (PPP(i)) reaction intermediate, diimidotriphosphate (O(3)P-NH-PO(2)-NH-PO(3)(5)(-)), as a potent inhibitor. In the presence of AdoMet, PNPNP is a slow-binding inhibitor with an overall inhibition constant (K(i)) of 2 nM and a dissociation rate of 0.6 h(-)(1). In contrast, in the absence of AdoMet PNPNP is a classical competitive inhibitor with a K(i) of 0.5 microM, a slightly higher affinity than PPP(i) itself (K(i) = 3 microM). The imido analogue of the product pyrophosphate, imidodiphosphate (O(3)P-NH-PO(3)(4)(-)) also displays slow onset inhibition only in the presence of AdoMet, with a K(i) of 0.8 microM, compared to K(i) of 250 microM for PP(i). Circular dichroism spectra of the unliganded enzyme and various complexes are indistinguishable indicating that the protein secondary structure is not greatly altered upon complex formation, suggesting local rearrangements at the active site during the slow binding process. A model based on ionization of the bridging -NH- moiety is presented which could account for the potent inhibition by PNP and PNPNP.